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Abstract
Background and Objectives: Programs of assessment should reflect the
multifaceted nature of medical competence. We experimented with new testing
methods, ie, script concordance testing (SCT) and clinical reasoning problems
(CRPs), combined with the habitual OSCE for an end of family medicine clerkship.
Our aims were to compare students’ scores with experts’ scores, to determine
whether the new tests detected learning over a 3-month period, and to examine
whether the tests were redundant. Methods: We conducted a longitudinal study
on one cohort of family medicine clerks. Two formative testing sessions using both
SCT and CRPs were held 3 months apart. Students’ scores were compared to
those of the panel of experts used to score the tests. We examined the difference
in students’ scores between the two testing sessions. Finally, we computed
correlation coefficients between these scores and the summative OSCE. Results:
Panelists’ scores were significantly higher than students’...
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C linical competence is multi-faceted and requires the in-tegration of knowledge, skills, 
and attitudes.1 Its assessment also 
requires an integrated and multifac-
eted approach.2 Assessment of clini-
cal competence should use a variety 
of instruments to provide a 360° 
picture of each learner’s develop-
ment.2 However, if one accepts that 
competence is not just about possess-
ing the required knowledge, skills, 
and attitudes but is more about inte-
grating them in practice, assessment 
should not solely focus on assessing 
the components of competence but 
should include occasions where 
students can demonstrate their 
ability to use them together ef-
fectively.1 
Like in other family medicine 
clerkships, students at our institu-
tion are assessed using a summative 
Objective Structured Clinical Exami-
nation (OSCE).3 The OSCE provides 
tasks requiring students to demon-
strate the integration of knowledge, 
skills, and attitudes. However, by 
targeting complex performance, it is 
somewhat limited in the detail it can 
provide about specific components of 
the performance, which could be im-
portant for feedback purposes. This 
is particularly true regarding the 
process of clinical reasoning where 
the process is largely invisible and 
can only be inferred from certain be-
haviors exhibited during the OSCE 
(eg,  the questions an examinee asks 
a simulated patient can reflect their 
underlying diagnostic hypotheses).4 
Further, the case-specificity of clini-
cal reasoning requires wide sampling 
of material for reliable judgments to 
be made.5 We therefore conducted a 
pilot study to examine the utility of 
adding other types of assessments, 
specifically targeted at clinical rea-
soning, during our family medicine 
clerkship. 
Because our concern was spe-
cifically about students’ ability to 
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BACKGROUND AND OBJECTIVES: Programs of assessment 
should reflect the multifaceted nature of medical competence. 
We experimented with new testing methods, ie, script concordance 
testing (SCT) and clinical reasoning problems (CRPs), combined 
with the habitual OSCE for an end of family medicine clerkship. 
Our aims were to compare students’ scores with experts’ scores, to 
determine whether the new tests detected learning over a 3-month 
period, and to examine whether the tests were redundant.
METHODS: We conducted a longitudinal study on one cohort of 
family medicine clerks. Two formative testing sessions using both 
SCT and CRPs were held 3 months apart. Students’ scores were 
compared to those of the panel of experts used to score the tests. 
We examined the difference in students’ scores between the two 
testing sessions. Finally, we computed correlation coefficients be-
tween these scores and the summative OSCE.
RESULTS: Panelists’ scores were significantly higher than stu-
dents’ scores. SCT scores did not change significantly over 3 
months whereas CRP scores improved (Wilcoxon z -3.058, effect 
size 0.461, P=.002). Correlations between the OSCE and the writ-
ten tests were low or non-significant. There were low correlations 
between the first CRP and both SCTs (Spearman’s rho 0.357 and 
0.358) but not between the second CRP and any SCT.  
CONCLUSIONS: Written tests of clinical reasoning could provide 
relevant additional information to the evaluation of students’ com-
petence over the course of a family medicine clerkship. Further 
research is needed to determine the potential educational conse-
quences of such programs of assessment.
(Fam Med 2014;46(10):755-60.)
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reason through family medicine 
cases, we chose two written tests of 
clinical reasoning, ie, the script con-
cordance test (SCT) and clinical rea-
soning problems (CRPs). The script 
concordance test is designed to as-
sess clinical data interpretation in 
situations of uncertainty.6 It is high-
ly efficient, providing reliable scores 
within very reasonable testing times 
(around 60–90 minutes).6 It is also 
particularly valuable for testing rea-
soning in ill-defined problems, unlike 
traditional single-best answer mul-
tiple-choice questions.7 Learner re-
sponses are compared with those of 
a panel of experts, and partial cred-
it is awarded based on the number 
of experts selecting a specific re-
sponse, a practice referred to as ag-
gregate scoring.6 The SCT presents 
examinees with a brief, ill-defined, 
clinical scenario. Each scenario is 
followed by three to four questions, 
which include a suggested hypoth-
esis and a new piece of information. 
The question pertains to the impact 
of the new piece of information on 
examinees’ evaluation of the sug-
gested hypothesis (see Table 1). Al-
though some argue that it is one of 
the SCT’s strengths, the limited fo-
cus of the SCT on clinical data inter-
pretation led us to consider adding 
a different test of clinical reasoning 
that probes other facets of clinical 
reasoning.
CRPs present learners with lon-
ger clinical scenarios with a certain 
amount of uncertainty, ie, there is 
no single solution to the case.8 Ex-
aminees are required to provide two 
diagnoses in free-text format and to 
select and weigh cues from the clini-
cal scenario in terms of their contri-
bution to the diagnostic hypotheses 
proposed (Appendix available from 
the corresponding author by re-
quest). Like the SCT, CRP scores are 
derived from the responses of a pan-
el of experts. Unlike the SCT, CRPs 
are not limited to measuring clini-
cal data interpretation but also pro-
vide an evaluation of learners’ ability 
to generate hypotheses.9 Indeed, the 
CRP marking scheme provides an 
overall score and two subscores, one 
for the quality of the diagnostic hy-
potheses generated (diagnostic sub-
score) and one for the identification 
and weighing of key clinical fea-
tures supporting/disconfirming the 
proposed hypotheses (features sub-
score). Tests comprising 10 clinical 
scenarios have been shown to pro-
vide reasonably reliable scores (al-
phas of approximately 0.70) within 
estimated testing times of 90–120 
minutes and to detect differences be-
tween student levels within a medi-
cal curriculum.8 
The aims of our study were to pi-
lot the addition of SCT and CRP to 
the clerkship’s assessment. In view 
of the pilot nature of the study, the 
additional tests were not used as 
part of the summative assessment 
and served a purely formative pur-
pose (ie, scores on the SCT and CRP 
were used for feedback, they were 
not included in students’ grades 
and did not influence pass-fail deci-
sions). Our first goal was to describe 
the scores obtained by students on 
the additional tests and to compare 
them to those of a panel of expert 
family physicians. We hypothesized 
that the tests would discriminate be-
tween experts and students, ie, that 
experts would obtain significantly 
higher scores than students. We also 
strove to explore whether the new 
tests would be sensitive enough to 
detect the learning occurring dur-
ing the clerkship itself by looking at 
students’ progress over a 3-month 
period. Finally, we sought to exam-
ine whether the various tests were 
redundant by studying the inter-
correlations of test scores. We hy-
pothesized that the correlations 
between the SCT and CRP would 
be moderate (with higher correla-
tions between the SCT and the key 
features subscore of the CRP as com-
pared with the diagnostic subscore) 
Table 1: Sample Script Concordance Test (SCT) Item Containing Four Questions
Case 1: You are on duty one night when you are called for a home visit for Nora, aged 22. She has been suffering from 
severe pain in the right iliac fossa for several hours now. She has vomited once. 
If you were thinking . . . And you discover that . . . The hypothesis  
becomes . . .
-2 -1 0 +1 +2
1.1 Ectopic pregnancy There is guarding in the right iliac fossa
1.2 Ovarian torsion She takes her hormonal contraception 
regularly
1.3 Appendicitis She’s had one loose stool
1.4 Kidney stones (ureteral colic) Her axillary temperature is 38.5° C
-2 = much less likely (or ruled out) 
-1 = less likely 
0 = no change in likelihood 
+1 = more likely 
+2 = much more likely (or totally confirmed)
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and that correlations between these 
tests and the OSCE would be low. 
Methods 
Context
In the current 7-year curriculum, 
those electing to specialize in fam-
ily medicine spend their final se-
mester of medical school in family 
medicine clerkships 4 days a week 
with 1 day a week on campus for 
small-group teaching. The semes-
ter is divided into six 1-month pe-
riods, but students usually stay in 
the same family practice for two or 
three periods. Students can elect to 
spend one period in an alternative 
community setting. A minority of 
students opt to do so. The summa-
tive assessment consists in an OSCE 
and several assignments (ie, for the 
evidence-based medicine course, for a 
course on practice management and 
a reflective assignment; we did not 
examine data from assignments in 
this study). The year the study was 
conducted, the OSCE had 14 sta-
tions. Ten stations were 7.5 minutes 
long, and four were 15 minutes long. 
Their themes were often linked to 
the content of small-group teaching 
sessions.
Participants and Procedure
We presented the aims and methods 
of the study to students during one 
of their on-campus days at the be-
ginning of the semester in January. 
All students enrolled in the program 
were eligible. We asked volunteers to 
sign a consent form.
We asked volunteers to take part 
in two formative distance assess-
ment sessions, 3 months apart, at 
the beginning of February and at 
the beginning of May. Students could 
provide written comments at the end 
of the first test form. Some students 
volunteered comments by email.
Students received their scores 
and information on the scores of 
the group of participants by email. 
A feedback session was organized at 
the end of May to discuss test an-
swers.
We also asked participants to 
grant us access to data from their 
summative OSCE assessment. 
Participants were given a stipend 
of 10 euros (approximately 14 US $), 
and their names were entered into a 
raffle for three gift vouchers worth 
150 euros each (approximately 200 
US $).
Tests
Two tests were constructed, each 
comprising 20 SCT cases and 10 
CRP cases, for an estimated testing 
time of 3–4 hours per test. The same 
blueprint was used for both tests. It 
included 30 clinical presentations, of 
which seven concerned children and 
teenagers, eight older patients, and 
two women’s health issues. Presenta-
tions were selected to cover a broad 
range of systems and to be represen-
tative of family practice. 
SCT cases were written by the 
first author. The 10 CRP cases used 
in the first testing session were 
translations of cases developed by 
Groves and colleagues (personal 
communication). The first author 
wrote the 10 CRPs used in the sec-
ond testing session. She interviewed 
family medicine and geriatrics fac-
ulty members to explore common 
presentations and their key clinical 
features.10 The resulting questions 
were presented to family medicine 
faculty for their opinions on rele-
vance, authenticity, and ease of com-
prehension. The tests were prepared 
in PDF format and were sent to par-
ticipants by email. Participants had 
3 days to complete the tests. They 
were instructed not to use any exter-
nal help such as advice from peers 
or supervisors, the internet, or text-
books.
We recruited 16 experts, all fam-
ily physicians, of which eight were 
faculty members at our institution, 
one was a member of another insti-
tution’s faculty, and four were clini-
cal supervisors. They completed both 
tests in their own time. One expert 
only provided responses for the first 
test.
SCTs were scored using the Excel 
calculator available on its developers’ 
website (http://www.cpass.umontreal.
ca/sct.html). CRP free-text responses 
were converted into standard cate-
gories decided upon by the first au-
thor. Scoring keys based on experts’ 
responses were computed manually 
for CRPs. Keys and standardized re-
sponses were used to compute scores 
using software developed at the Uni-
versity of Queensland where CRPs 
were initially developed.
The first SCT had an internal con-
sistency of alpha 0.79, the second 
SCT yielded a lower alpha of 0.66. 
The first CRP had low internal con-
sistency (alpha 0.49), whereas the 
second had an acceptable alpha of 
0.76. 
Analyses
We used non-parametric statistics 
because not all data were normal-
ly distributed. We compared student 
and expert scores using the Mann-
Whitney test and computed an ef-
fect size r.11
We calculated participants’ prog-
ress by first standardizing the scores 
according to the panel’s mean scores 
(yielding so called centered scores).12 
We compared scores on both testing 
occasions using Wilcoxon’s signed-
rank test and calculated effect size 
r as described above. We examined 
the relationship between the change 
of centered scores and clerkship ex-
perience data using Spearman cor-
relations. We computed Spearman 
correlations between scores. 
All analyses were conducted us-
ing IBM SPSS Statistics version 20. 
Ethical Considerations
The study was granted ethical ap-
proval from the faculty’s ethics com-
mittee. Participation was voluntary, 
and the names of participants were 
kept confidential and were specifi-
cally not disclosed to family medi-
cine faculty or clinical supervisors.
Results
Although 55 of 59 students gave con-
sent (consent rate 93%), participation 
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waned over the course of the 3 
months of the study. Forty-four stu-
dents took part in both testing ses-
sions (participation rate 75%). Only 
their data were analyzed.
Experts scored significantly bet-
ter than students on all tests (Figure 
1). The effect sizes were moderate 
for the SCT (0.48 and 0.45 for tests 
1 and 2 respectively) and large for 
the CRP (0.73 and 0.67), particularly 
for the features subscore of the CRP 
(0.76 and 0.73 for the features sub-
scores versus 0.36 and 0.27 for the 
diagnoses subscores).
Students had significantly high-
er centered CRP scores in the sec-
ond testing session, but their SCT 
scores did not change significantly 
(Figure 2). 
Both SCT tests were slightly 
correlated with the first CRP test 
(Spearman’s rho 0.357 and 0.358, 
P values both 0.017) but not the 
second (Spearman’s rho 0.126 and 
0.059, P values 0.413 and 0.705). We 
did not find the expected pattern of 
CRP features subscores correlating 
more strongly with SCT than CRP 
diagnoses subscores. There were low 
correlations between the OSCE and 
SCT although the result was not sta-
tistically significant for the second 
SCT. The CRPs were not correlated 
with the OSCE. 
We received comments from 20 
students. Negative comments in-
cluded finding the tests too long 
(n=4; one student specified having 
spent around 4 hours for the first 
test), finding the tests difficult (n=3), 
finding them not representative of 
family medicine (n=1). One student 
commented on feeling frustrated by 
not having an opportunity to justify 
responses. One student found it diffi-
cult to distinguish between +/- 1 and 
2 on the Likert scale for the SCT. 
Two students found it difficult to 
provide more than one hypothesis on 
the CRP, whereas one student found 
it difficult to select only two hypoth-
eses from his/her differential. One 
student was unsure about wheth-
er the hypotheses generated for the 
CRP should only include those that 
were deemed likely or whether one 
should include diagnoses that one 
was seeking to exclude. One stu-
dent found it difficult to weigh data 
in the CRP. Positive comments in-
cluded finding the tests interesting 
(n=6). One student stated that com-
pleting the tests had prompted her/
him to study more. One student was 
positive about having enough time to 
complete the written tests in com-
parison to the OSCE where they had 
felt overwhelmed by the time pres-
sure. 
Discussion 
Main Findings
This study piloted the addition of 
two written tests of clinical reason-
ing to an existing OSCE as part of 
an assessment program for a family 
medicine clerkship. 
Tests examined individually had 
strengths and weaknesses. Both 
tests were able to clearly distinguish 
between clerks and family physi-
cians. The SCT provided more reli-
able scores than did the CRP. This 
is not surprising in view of the fact 
that there were twice as many SCT 
cases as CRP cases, which is a de-
termining factor in a test’s reliabil-
ity. Because of the longer format of 
CRPs, CRPs are less efficient in this 
respect, and longer CRP tests would 
become much less feasible. The CRP 
on the other hand was more sensi-
tive to changes occurring over a 
3-month period within the clerkship. 
To our knowledge no other studies 
have examined the CRPs’ sensitivity 
to change over such a short period 
of time. As for the SCT, a few stud-
ies have previously documented im-
provements in SCT scores over the 
course of clerkship rotations. Two 
small studies using the same test 
before and after a rotation, thus 
compounding the potential impact 
of the rotation and the actual test-
ing itself,13 have indicated significant 
improvements.14,15 One group-control 
Figure 1: Students’ and Experts’ Median Test Scores and Subscores With 95% Confidence Intervals
SCT— script concordance test 
CRP— clinical reasoning problems
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study also found significantly higher 
scores on a nephrology SCT in stu-
dents who had taken part in a ne-
phrology rotation.16 
While more reliable, the SCT 
should not supplant the CRP since 
both appear to be measuring some-
what different components of clinical 
reasoning, as evidenced by the low 
correlations found between scores 
on the two in this study. Although 
both were designed to evaluate clin-
ical reasoning, the SCT focuses ex-
clusively on the interpretation, ie, 
weighing, of clinical data in light of 
suggested hypotheses, whereas the 
CRP requires examinees to generate 
hypotheses, identify key features of a 
case, and then weigh these features. 
From our data, it appears that these 
distinctions lead to significant differ-
ences in examinees’ results, which 
clearly supports the use of both with-
in an assessment program.
As expected, the correlations be-
tween the written tests and the 
OSCE were low at best. Another 
study compared the SCT and OSCE 
scores 2 years later and found simi-
lar results.17 While clinical reasoning 
is involved in many OSCE tasks, the 
OSCE also measures other aspects 
of clinical competence such as com-
munication and technical skills. As 
such it provides a broader overview 
of students’ medical competence. We 
would nevertheless argue that, be-
cause it measures clinical reasoning 
indirectly, ie, through outputs such 
as the questions examinees ask sim-
ulated patients and because of the 
limited number of cases proposed in 
an OSCE, it is limited in the depth 
of exploration of clinical reasoning, 
which is a key component of medi-
cal competence. Introducing a writ-
ten test including SCT and CRP 
therefore provides additional infor-
mation regarding students’ clinical 
reasoning ability, which is important 
for feedback purposes. By covering 
a broader scope of clinical presenta-
tions, this would also compensate the 
limited sampling of an OSCE. 
Limitations
Our participation rate was high, but 
the study was conducted in a single 
institution, which limits the gener-
alizability of our findings. The rela-
tively small sample of participants 
may have led to a lack of power of 
the study.  Further, the relatively low 
reliability of the CRP, particularly in 
the first testing session, is likely to 
have attenuated the correlations be-
tween CRP scores and scores on oth-
er tests. Finally, students completed 
the SCT and CRP on a voluntary 
basis and at home, with no supervi-
sion. This could have reduced their 
cognitive engagement with the task 
and may have led some students to 
use external resources (eg, textbooks, 
internet, friends) to respond. This 
could explain some of the divergence 
observed between these test scores 
and those on the OSCE, which was 
completed in a stringent, summative, 
context. The high participation rate 
and informal communications indi-
cate that students were generally 
highly motivated in spite (or perhaps 
because) of the formative nature of 
the task. We have no data regarding 
the use of external resources. 
Educational Implications
Despite the limitations of a single-
site single-cohort study, our study 
contributes to the growing evidence 
pertaining to the SCT18 and CRP.8,9,19 
The SCT has been widely used since 
its development in the late 1990s. 
Our findings confirm its internal 
consistency and discriminating 
ability but failed to show sensitiv-
ity to change over a 3-month period 
of clinical clerkship. Other stud-
ies have found positive evidence in 
this regard.14-16 It may be that fam-
ily practice is such a broad domain 
that significant change requires 
more time although students’ did 
improve their CRP scores. 
CRPs have not yet been wide-
ly used, probably because of the 
complexities of scoring free-text re-
sponses. Since our study, the CRP’s 
developers have designed an online 
platform allowing automated scoring 
of CRPs without the manual prepa-
ration required in this study. This 
may lead to wider adoption of the 
CRP. CRPs probe several aspects 
of clinical reasoning, including the 
ability to generate (rather than se-
lect) diagnostic hypotheses. Our find-
ings further suggest that the CRP 
provides a distinct perspective on 
students’ competence and that it is 
sensitive to change following a rela-
tively short span of clinical teaching.
We did not examine the educa-
tional consequences of adding these 
tests. Nevertheless, the high partic-
ipation rate and a number of com-
ments from students indicate that 
students found the tests useful. Fur-
ther research is needed to examine 
how implementing changes in as-
sessment programs might steer stu-
dents’ learning in preparation for the 
Figure 2: Students’ Performance on the Two Testing Occasions*
* Bars represent median centered scores and subscores with their 95% confidence intervals. 
Centered scores are standardized scores based on the reference panel score distribution.
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tests20 and how feedback from tests 
could be used to further learning.21
Suggestions for Further Research
Current understandings of assess-
ment of clinical competence have led 
to a shift away from seeking the sil-
ver bullet instrument to measure in-
dividual components of competence.2 
This provides opportunities as well 
as challenges. On the one hand, by 
using multiple methods, assessment 
programs can in some respects com-
pensate the inherent weaknesses of 
individual assessment methods. On 
the other, this raises the question 
of how to ensure and evaluate the 
quality of an assessment program 
as a whole. Our study combined as-
sessment methods and sought to an-
alyze the utility of combining them 
in terms of the correlations between 
various scores. While this approach 
is useful, it cannot provide a com-
prehensive and holistic assessment 
of the quality of an assessment pro-
gram. Efforts in developing methods 
to do this are required before further 
research is conducted in this area.21
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